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Abstract: This study aimed to investigate the effects of weekly singings classes on pulmonary 

function parameters and quality of life (QoL) of COPD patients. Forty-three patients were 

randomized to weekly classes of singing practice, or handcraft work. They performed spirometry 

and completed maximal respiratory pressure measurements, evaluations of dyspnea, and the 

Saint George’s Respiratory Questionnaire, before and after 24 training classes. A functional 

evaluation, immediately after 10 minutes of singing practice, was also performed at the end of 

the study. Fifteen subjects completed the study in each group. In comparison to controls the 

singing group exhibited transitory elevations on the dyspnea Borg scale (p = 0.02), and inspira-

tory capacity (p = 0.01), and decreases of expiratory reserve volume (p = 0.03), just after a short 

session of singing. There was a signifi cant difference on changes of maximal expiratory pres-

sures in the comparison between groups at the end of training. While the control group showed 

deterioration of maximal expiratory pressure, the singing group exhibited a small improvement 

(p = 0.05). Both groups showed signifi cant improvements of QoL in within group comparisons. 

We have concluded that singing classes are a well tolerated activity for selected subjects with 

COPD. Regular practice of singing may improve QoL, and preserve the maximal expiratory 

pressure of these patients.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a disorder characterized by airfl ow 

limitation that is not fully reversible.1,2 Among several physiopathological effects, 

patients with COPD exhibit thoracic hyperinfl ation, decreases of maximal respiratory 

pressures, and dyspnea.1,2 As the disease progresses, limitations of daily living activi-

ties, poor performance status, and depression may add substantial harm to the overall 

quality of life (QoL) of these subjects.3,4

Singing, the act of producing musical sounds with the voice, is so basic to human 

beings that its origins are lost in antiquity, and predate the spoken language. It is well 

known that respiration has a key role in generating the voice, and it is an essential factor 

for singing as well.5,6 The practice of singing involves strong and fast inspirations, 

followed by extended, regulated expirations. Singing, therefore, requires the presence 

of an accurate control of breathing. In addition, people who sing are practicing a 

particular type of respiratory exercise that repeatedly demands diaphragm contractions 

for full inspirations, followed by sustained contractions of expiratory muscles against 

semi-closed vocal cords during expirations.7,8 This training involving breathing control 

and respiratory muscle exertion has the potential of interfering with the pulmonary 

function of COPD patients. The regular practice of singing by patients with dyspnea 

might also lead to “desensitization” of breathlessness due to the development of better 

breathing coordination, and reduce the anxiety and fear associated with unpleasant 

respiratory sensations. Besides its possible effects on respiratory function, singing has 
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been associated with improvements of mood, depression, 

and QoL in different settings, and may also induce the 

same kind of response in patients with chronic respiratory 

failure.9,10,11,12,13,14

Despite the therapeutic potential of singing for COPD, 

a MEDLINE search only revealed one published study on 

this topic, ie, a study by Engen (2005) which evaluated 

seven subjects after 12 singing classes given over 6 weeks.15 

There were signifi cant increases in the extent of counting 

and intensity of speech, and a change of breathing pattern 

from “clavicular” preponderance to a “diaphragmatic” one 

after the intervention. The results for QoL were incon-

clusive and the study, among other defi ciencies, lacked a 

control group.

The objective of the present study was to investigate the 

effects of weekly singing classes on maximal respiratory 

pressures, spirometric measurements, and QoL of patients 

with COPD. It was our hypothesis that this practice could 

increase maximal respiratory pressures, decrease dyspnea, 

and improve QoL of COPD subjects on stable clinical 

conditions.

Methods
The subjects were invited to participate in the study during 

regular consultations at the University Hospital, or after 

answering a radio advertisement. Patients were required to 

have a diagnosis of COPD according to the Global Initia-

tive for Chronic Obstructive Lung Disease criteria.1 All 

subjects were former smokers and had been in stable clinical 

conditions for at least two months before admission to the 

study. Patients with severe co-morbidities, still smoking, 

or using oxygen therapy were not included in the protocol. 

The investigation was approved by the Institutional Medi-

cal Ethics Committee, and the volunteers signed a written 

informed consent at the initial visit. All the evaluations and 

pulmonary function tests were performed at the Pulmonary 

Function Laboratory of the University Hospital of Ribeirão 

Preto, by the same group of researchers.

All patients initially completed the following set of tests; 

(i) spirometry with measurements of FVC, FEV
1
, FEV

1
/FVC, 

IC, and ERV; (ii) measurements of maximal inspiratory 

and expiratory pressures at the mouth level (PI
max

, PE
max

); 

(iii) arterial blood gases while breathing room air; (iv) 

dyspnea evaluation by the basal dyspnea index (BDI), and 

(v) assessment of QoL employing the specifi c instrument 

Saint George’s Respiratory Questionnaire (SGRQ).

The volunteers were then randomized to a Singing Group 

or to a Control Group. The patients in the Singing Group 

were enrolled in weekly classes with an approximated 

duration of 1 hour, along at least 24 weeks. The classes 

were coordinated by a singing teacher and a physiotherapist. 

The patients participated in the classes as a group, and the 

activities included:

(i)  Relaxation exercises of neck and upper limb muscles, 

conducted by a physiotherapist (about 5 minutes).

(ii)    Singing related respiratory exercises conducted by a 

singing teacher (10 minutes). These exercises are part of 

regular singing teaching, and consisted of: performing 

fast, deep inspirations, followed by slow, full or inter-

rupted expirations; performing fast and deep respiratory 

incursions, paying attention to the upper abdominal 

movements; generating breathing movements against, 

or with the help, of pressures generated by a hand placed 

on the upper abdominal region.

(iii)  Vocalization exercises, lead by the singing teacher, as 

a preparation for singing (15 minutes). The patients 

loudly pronounced vowels as “le”, “la”, “mi”, “mu”. 

The patients also sang the melody of a familiar song 

using such vowels instead of actually singing the lyrics. 

Exercises of this kind are regularly employed by singers 

in order to warm-up before their artistic presentations.

(iv)  Singing training of Brazilian folk songs, conducted by 

the singer teacher (30 minutes). In addition, the volun-

teers were also instructed to practice the folk songs at 

home for half an hour on at least two more days during 

the week.

The Control Group also attended a similar number of 

weekly classes. These lessons were coordinated by the same 

physiotherapist and by a different teacher of handcraft work. 

The activities of the Control Group included relaxation exer-

cises as it has been previously described (about 5 minutes), 

and the execution of handcraft artwork such as paper folding, 

drawing, and collages (50 minutes). These patients were also 

routinely instructed to include some incomplete artwork or 

beginning a new one at home.

The final evaluation of the patients was performed 

after they had attended 24 classes. If episodes of acute 

exacerbations occurred, the fi nal assessment was performed 

only after a minimum of one month of clinical stability, and 

the subject were required to have attended at least three 

sequential classes.

The components of the fi nal evaluation were the same 

as those for the initial assessment, and were obtained 

on the same occasion, about 1 week after the last class. 

An additional set of tests was also performed on the same 

day. After a short resting period, the subjects performed 
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vocalization exercises and singing in the upright position 

for 10 minutes. The new set of evaluations included 

spirometry, scoring of Borg dyspnea rating, and mea-

surement of arterial oxygen saturation (SaO
2
), obtained 

immediately before the beginning of the singing session, 

and 2 and 30 minutes after its interruption. In addition, 

Borg dyspnea rating and SaO
2
 were also recorded 5 minutes 

after the beginning of the singing exercise. Control group 

patients were submitted to the same type of tests, but instead 

of singing they remained silent in standing position for a 

comparable 10-minute period.

The spirometric data were all obtained in the sitting posi-

tion using a Pulmonet Godard spirometer (Sensormedics, 

Bilthoven, The Netherlands), and the proceedings were 

performed according to the recommendations of the Brazilian 

Thoracic Association.16 The reference values of Crapo et al 

were employed for the calculation of spirometric results 

expressed as percentage of normality.17 Maximal respiratory 

pressures were measured using an MPG vacuum manometer 

(OEM Medical, Marshalltown, IA, USA). PI
max

 values were 

measured starting on residual volume, while PE
max

 was based 

on total lung capacity. The measurements of both pressures 

were made using at least 3 maneuvers with less than 10% 

variation, and the best value among them was chosen as 

the representative one. The equations of Neder et al were 

employed to express maximal respiratory pressures as 

percentage of predicted values.18 The arterial blood samples 

for gas analysis were always drawn from the radial artery 

with the individuals at rest and breathing room air. After 

collection, the material was promptly analyzed using a gas 

system analyzer (model 178; Corning, Medfi eld, MA, USA). 

A validated Portuguese version of the SGRQ was employed 

to measure QoL.19

As this was a pioneer investigation related to the effects 

of singing classes on pulmonary function of COPD patients, 

the numbers required to detect a difference within the pri-

mary outcomes were not predetermined. Based on a previ-

ous study that had found signifi cant differences of maximal 

respiratory pressures following specifi c muscle training using 

4 COPD groups containing 8 subjects, we opted for study-

ing 2 groups of 15 patients each.20 All results are expressed 

as means and standard deviations. The results of the initial 

assessment are shown as absolute values and the results of 

the second evaluation are shown as the fi nal values minus 

the initial ones (Δ
fi nal-initial

). The latter approach was also 

adopted to express the results of the acute test of singing 

exercise (Δ
during

, Δ
2 min

, and Δ
30 min

). Groups were compared 

by the unpaired Student t test. Comparisons of proportions 

between the two groups were made by chi-square tests. 

The comparisons between SGRQ scores obtained before 

and after intervention in the same group were performed 

by the paired t test. A p value � 0.05 was considered to be 

statistically signifi cant.

Results
Seventy-eight patients were evaluated as potential candidates 

for the study. Thirty-fi ve of them were excluded because 

they did not meet the inclusion criteria or because they 

refusal to participate in the protocol (Figure 1). Among the 

43 patients who agreed to participate in the investigation, 

23 were allocated to the Singing Group and 20 to the Control 

Group. A total of 13 patients discontinued the study, but at a 

proportion not signifi cantly different between groups (Sing-

ing Group: 8; Control Group: 5). The reasons for abandoning 

the study in the Singing Group included non-medical causes 

(3) and non-pulmonary medical conditions (4). Only one 

patient of the Singing Group left the study due to repeated 

episodes of acute COPD exacerbation, and diffi culties in 

regularly attending the classes. The reasons for dropping 

out of the Control Group were non-medical causes (4), and 

a non-pulmonary medical condition in one case. Fifteen 

patients concluded the entire protocol in both arms of the 

interventions. The fi nal gender composition was similar in 

both groups, with a marked predominance of males.

The groups did not differ signifi cantly regarding their 

basal clinical or functional features (Table 1). Although the 

mean QoL score of the Control Group was higher than that 

of the Singing Group, the difference did not reach statistical 

signifi cance (p = 0.06). In general, both groups could be clas-

sifi ed as exhibiting moderate to severe obstructive disease, 

normal maximal respiratory pressures, and only mild gas 

exchange abnormalities.

The total number of missed classes did not differ 

signifi cantly between groups (Singing Group: 50 × Control 

Group: 57), nor did the number of episodes of non-attendance 

due to acute exacerbations (Singing Group: 4 × Control 

Group: 6). The mean time for completing 24 classes was 

28.2 ± 1.8 weeks for the Singing Group, and 28.8 ± 2.4 weeks 

for the Control Group. Vocal exercises and singing popular 

songs were well tolerated by the patients. They did not 

complain of severe dyspnea, chest pain, regurgitation or 

dizziness, although a high prevalence of coughing and 

sputum expectoration was observed during the resting 

intervals.

The clinical and physiological responses of the subjects 

to the interventions are listed in Table 2. There was a 
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statistically significant difference between groups only 

regarding the measurements of PE
max

. While the Control 

Group exhibited a mean decrease in PE
max

 close to 11 cmH
2
O, 

the Singing Group showed an increase of 3 cmH
2
O. It is also 

worth mentioning that, although the comparison of mean 

SGRQ variations between the groups was not signifi cant, 

the Δ
(fi nal-initial)

 reached at least 5 points in each group. In 

addition, intra-group paired t tests comparing initial and 

fi nal SGRQ scores revealed that both changes exhibited 

statistical signifi cance (Singing Group: initial = 36.4 ± 10.9 × 

fi nal = 30.5 ± 9.6, p = 0.001; Control Group: initial = 45.7 ± 

14.3 × fi nal = 40.7 ± 15.6, p = 0.03).

The acute responses to a short period of singing practice at 

the end of the period of singing classes are shown in Table 3. 

The singing practice led to a small but signifi cant increase 

on the Borg dyspnea scale 2 minutes after the end of the 

exercise. A signifi cantly higher SaO
2
 was also found during 

the act of singing. Finally, a bout of singing was associated 

with distinct effects on ERV and IC, detected 2 minutes 

after its interruption. While the Control Group showed an 

increase of ERV and a decrease of IC, the Singing Group 

had opposite outcomes.

Discussion
The present study showed that singing is a feasible practice 

among patients with moderate to severe COPD in stable 

clinical conditions. In addition, it has been shown here, for 

the fi rst time, that singing may acutely promote small and 

transitory reductions of pulmonary dynamic hyperinfl ation, 

and to preserve PE
max

 in the long run.

The patients tolerated well the respiratory efforts related 

to the singing classes and did not exhibit complaints during 

the lessons. A standard clinical–physiological evaluation 

for a short period of singing revealed that SaO
2
 and dyspnea 

scores increased during and just after the practice, respec-

tively. The last fi nding is not unexpected and, most probably, 

is due to increases in the work of respiration. The changes of 

SaO
2
 could be secondary to hyperventilation during singing. 

However, the spirometric results performed immediately 

after singing suggest that vocal exercises may also induce 

transitory improvements in respiratory mechanics.

The patients of the Control Group showed a mean 

decrease in IC of –0.08 L and a mean increase in ERV of 

0.09 L after standing for 12 minutes. These values changed 

to –0.10 L, and 0.11 L, respectively, after the subjects 

kept the same posture for 40 minutes. This suggests that 

the natural trend for silent COPD patients in the stand-

ing position is to progressively breathe at higher levels of 

FRC. The practice of singing for 10 minutes opposed this 

course. The mean IC of the Singing Group increased 0.14 L, 

and the mean ERV decreased –0.01 L 2 minutes after the 

patients stopped singing, respectively reaching 0.07 L and 

Lost to follow-up (n = 0)

Discontinued intervention (n = 8)

E
nr

ol
lm

en
t

A
llo

ca
tio

n
Fo

llo
w

-u
p

A
na

ly
si

s

Allocated to singing (n = 23)

Received intervention (n = 23)
Did not receive intervention (n = 0)

Analyzed (n = 15)

Excluded from analysis (n = 0)

Assessed for eligibility (n = 78)

Randomized (n = 43)

Excluded (n = 35)

Not meeting inclusion criteria (n = 16)

Refused to participate (n = 19)

Allocated to manual activites (n = 20)

Received intervention (n = 20)
Did not receive intervention (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 5)

Analyzed (n = 15)

Excluded from analysis (n = 0)

Figure 1 Consort diagram of the study.
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0.02 L, 28 minutes later. The present results suggest that 

singing led the patients to breathe at lower FRC levels 

during and just after practice. This fi nding may refl ect the 

occurrence of transient reductions in the extent of thoracic 

hyperinfl ation. Singing, in this context, could act promoting 

transitory changes in pressure-volume relationships of the 

respiratory system. It would work in a similar way as the 

controlled-breathing technique called active expiration. This 

technique involves the contraction of abdominal muscles dur-

ing expiration, resulting in increased abdominal pressures.21 

This lengthens the diaphragm of COPD patients close to its 

optimal size, and contributes to a better muscle function. In 

addition, active expirations would also increase the elastic 

recoil pressure of the diaphragm and rib cage. The release of 

this pressure after relaxation of the expiratory muscles could 

assist the next inspiration.22 Previous studies have shown 

that active expiration led to decreases of FRC and increases 

of trans-diaphragmatic pressures.23,24 The explanations for 

these fi ndings include the reduction of thoracic volume and 

the improvement of the starting position of the diaphragm. 

It is likely that singing induces similar responses in COPD 

patients although, based on the present results, it appears to 

occur only in a temporary fashion. It is worth also to notice 

that a recent study suggests that laughter may promote 

reduction of static hyperinfl ation in severe COPD patients 

until 24 hours after the practice.25 Although the assessments 

of the acute effects of singing were performed only after a 

period of 24 classes, some patients who were also evaluated 

after 3 classes showed similar fi ndings (data not shown). 

Therefore, these acute changes appear to be secondary to the 

act of singing itself, and not to the whole period of singing 

training. Besides, because of their transitory nature they, 

most probably, lack of clinical meaning.

The most important functional fi nding of this study 

was the positive infl uence of singing on PE
max

. While the 

Control Group showed a decrease of 11.3 cm H
2
O, the 

Singing Group exhibited an increase of 3 cm H
2
O in mean 

PE
max

 at the end of the protocol. The fi rst result is not totally 

Table 1 Initial clinical features of the groups

Singing group Control group

n 15 15

Male/Female 12/3 12/3

Age (years) 69.8 ± 7.4 73.6 ± 7.5

FVC (L) (%) 2.42 ± 0.57 2.70 ± 0.61

(84.3 ± 28.3) (96.1 ± 24.1)

FEV1 (L) (%) 1.11 ± 0.47 1.18 ± 0.47

(48.8 ± 20.8) (53.4 ± 20.1)

FEV1/FVC (%) 46.0 ± 17.5 43.0 ± 10.7

ERV (L) 0.49 ± 0.30 0.70 ± 0.33

IC (L) 2.11 ± 0.66 2.06 ± 0.52

PImax (cmH2O) (%) 87.7 ± 22.2
(92.2 ± 20.4)

75.3 ± 26.4
(82.1 ± 25.9)

PEmax (cmH2O) (%) 119.7 ± 33.9
(116.9 ± 26.0)

113.0 ± 40.2
(114.7 ± 35.8)

PaO2 (kPa) 9.4 ± 1.2 9.6 ± 1.2

PaCO2 (kPa) 5.3 ± 0.8 5.1 ± 0.4

P(A-a)O2 (kPa) 3.9 ± 0.8 3.7 ± 1.2

BDI 6.9 ± 1.9 6.1 ± 1.8

SGRQ 36.4 ± 10.9 45.7 ± 14.3

Abbreviations: BDI, basal dyspnea index; SGRQ, saint george’s respiratory 
questionnaire.

Table 2 Physiological responses under basal conditions after 24 singing classes

Singing group 
Δ(fi nal-initial)

b

Control group 
Δ(fi nal-initial)

p valuesa Power of 
the test (%)

FVC (L) –0.14 ± 0.48 –0.10 ± 0.30 0.76 24.1

FEV1 (L) –0.03 ± 0.31 0 ± 0.14 0.76 35.6

FEV1/FVC (%) 1.9 ± 8.3 1.5 ± 2.9 0.85 34.9

ERV (L) 0.06 ± 0.4 –0.11 ± 0.2 0.13 79.5

IC (L) –0.09 ± 0.3 0.07 ± 0.3 0.14 66.3

PImax (cmH2O) 3.0 ± 19.2 –1.0 ± 15.5 0.54 30.1

PEmax (cmH2O) 3.0 ± 17.2 –11.3 ± 20.2 0.05 90.1

P(A-a)O2 (kPa) –0.4 ± 0.8 0.1 ± 1.6 0.22 19.2

BDI 0.7 ± 1.2 0.3 ± 1.7 0.47 14.9

SGRQ –5.9 ± 5.8 –5.0 ± 7.8 0.72 5.4

aComparisons between groups by unpaired t test.
bΔ(fi nal-initial): value after minus before classes.
Abbreviations: BDI, basal dyspnea index; SGRQ, saint george’s respiratory questionnaire.
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unexpected, since previous studies have shown a negative 

correlation between age and PE
max

, both in healthy women 

and men.26,27 Even though the results of these articles do not 

completely support the fi nding of a so marked decrease on 

PE
max

, the decline of PE
max

 in patients of the Control Group 

should be a time-related physiologic descent, aggravated 

by superimposed deleterious effects of COPD itself. The 

act of singing demands higher respiratory work, mainly 

from the expiratory muscles, in order to generate extended 

musical sounds. Long, repeated contractions of the external 

and internal oblique, rectus, and transversus abdominis 

muscles occurring during singing, probably operated as a 

specifi c training for these elements. This type of training 

should be responsible for the observed prevention of losses 

of PE
max

 in the Singing Group. The present results suggest 

that singing classes could be a practical and pleasant way 

of training expiratory muscles. Although the clinical value 

of training expiratory muscles is still debatable, recent 

data indicate that this approach may lead to increases of 

their endurance and strength, improvement of exercise 

performance, symptoms, and QoL in COPD patients.28,29 

Therefore, additional studies are needed to investigate the 

role of singing classes as a method for expiratory muscle 

training.

It is worth noting that the Singing Group also showed 

a mean PI
max

 increase of 3.0 cmH
2
O, and the change of the 

Control Group was of –1.0 cmH
2
O only. A negative corre-

lation between PI
max

 and age has been previously described 

in women, but not in men.26,27 As most of the subjects 

enrolled in the present study were men, the minimal 

changes in PI
max

 of the Control Group after 28.8 weeks, 

is explainable.

The changes in the global SGRQ score did not signifi -

cantly differ between the two groups. Nevertheless, both 

of them exhibited reductions of QoL mean score of at least 

5.0 points. These decreases in scores reached statistical 

signifi cance in a within-group analysis. An intervention that 

produces a change of 5.0 points in the SGRQ score may be 

classifi ed as a slightly effective treatment.19,30 Therefore, 

both singing and handcraft artwork promoted comparable 

and meaningful improvements in overall QoL of COPD 

subjects evaluated by the SGRQ. The most marked changes 

in sections of the SGRQ were observed in Symptoms and 

Impact (data not shown). Several factors may contribute to 

poor QoL in COPD patients including respiratory symp-

toms, exercise limitations, depression, and lower socia-

bility. The engagement in a regular pleasurable practice 

involving social interaction with health professionals and 

Table 3 Acute physiological responses during and just after a singing exercise

  Singing group Control group p valuesa Power of the test (%)

Dyspnea Δdurin
b 0.1 ± 0.4 –0.3 ± 0.6 0.14 93.1

Δ2 mi
c 0.5 ± 0.7 –0.3 ± 0.6 0.02 99.9

Δ30 min
d 0.1 ± 0.5 –0.5 ± 0.9 0.07 95.2

SaO2 (%) Δduring 1.6 ± 1.8 0 ± 1.2 0.01 99.7

Δ2 min 0.4 ± 2.0 –0.4 ± 1.3 0.20 16.9

Δ30 min –0.1 ± 1.8 –0.1 ± 1.7 0.92 4.1

FVC (L) Δ2 min 0.14 ± 0.24 0.04 ± 0.20 0.22 48.5

Δ30 min 0.13 ± 0.35 0.06 ± 0.18 0.52 4.5

FEV1 (L) Δ2 min 0.04 ± 0.16 0.05 ± 0.07 0.83 0.07

Δ30 min 0.03 ± 0.15 0.04 ± 0.07 0.77 0.15

FEV1/FVC (%) Δ2 min –1.7 ± 4.5 0.64 ± 3.9 0.13 66.5

Δ30 min –2.3 ± 5.1 0.24 ± 2.7 0.10 70.4

ERV (L) Δ2 min –0.01 ± 0.11 0.09 ± 0.14 0.03 92.9

Δ30 min 0.02 ± 0.34 0.11 ± 0.18 0.25 12.1

IC (L) Δ2 min 0.14 ± 0.25 –0.08 ± 0.18 0.01 99.2

Δ30 min 0.07 ± 0.34 –0.10 ± 0.19 0.10 69.9

aComparisons between groups by unpaired t test.
bΔduring: value during singing minus value just before singing.
cΔ2 min: value 2 minutes after singing minus value just before singing.
dΔ30 min: value 30 minutes after singing minus value just before singing.
Abbreviation: SaO2, arterial oxygen saturation.
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subjects with the same disease sharing similar problems 

and interests has the potential to positively infl uence the 

attitudes and perceptions of these patients. In this context, 

QoL may improve independently of the type of intervention 

implemented. As a result, it is possible that if the Control 

Group had not performed any activity, the positive effects 

of singing on QoL would have been demonstrated more 

clearly.

The investigators also observed that the patients coughed 

and eliminated a substantial amount of sputum just after end-

ing the practice of vocal exercises or songs. Although this 

fi nding was not registered by employing a formal research 

protocol, it suggests that singing may also exhibits bronchial 

hygiene properties. The performance of prolonged and robust 

expirations has the potential to facilitate the mobilization of 

respiratory secretions towards the upper airways, eliciting 

the cough refl ex. The improvement of PE
max

 associated with 

singing could also contribute to better coughing. Additional 

studies aimed to adequately investigate these aspects are 

still necessary.

The present study exhibits fair number of limitations 

including small statistical power for some of the com-

parisons, meanly due to excessive variation in the results. 

As an example, while the analysis of the treatment effect 

on PE
max

 showed a test power of 90.2%, the value for the 

comparisons of PI
max

 and BDI were, respectively, of 30.1% 

and 14.9%. Therefore, it can not be excluded the possibility 

that the enrollment of a greater number of subjects would 

evidence significant changes also in these parameters. 

Another criticism to be done is that the Singing Group has 

practiced not only singing during the classes, but additional 

respiratory and vocalization exercises as well. However, 

such respiratory and vocal exercises are important steps 

for a singer to improve his or her respiratory coordination. 

As a consequence, they are an essential part of the learning 

process of singing itself. Other defi ciency of this research is 

that changes on respiratory pattern during the act of singing 

were not investigated, and the pulmonary volumes were not 

measured by body plethysmography. Besides, there was not 

the inclusion of patients with severe arterial hypoxemia in 

the present investigation.

Despite its limitations, the present study indicates that 

singing classes are an amusing, non-risky, and well-tolerated 

activity for selected subjects with COPD. Its regular practice 

may also improve QoL and preserve the PE
max

 of these 

patients. Additional studies are recommended to better defi ne 

the potential role of singing as a new tool for pulmonary 

rehabilitation.
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